Fluorometric Ultramicroanalysis of Deoxyribonucleic Acid in Human Skin*  by Santoianni, Pietro & Ayala, Marisa
A previous paper (1) dealt with the use of
tissue deoxyribonucleic acid (DNA) content as
a reference basis for the quantitative expres-
sion of biochemical or the biological activities
in epidermis, pointing out the following ad-
vantages: 1) The content of cell DNA is
quite constant as compared to other cell con-
stituents, such as ribonueleie acid, proteins,
and total nitrogen; 2) the metabolic activities
of skin can be compared to those of other
tissues "on a cellular basis".
Keeping these factors in mind, a colorimetrie
mieromethod (1) was developed for DNA de-
termination on minute amounts of human
epidermis. This metbod allowed 1 microgram
of DNA in 100 mieroliters of acid extract of
the tissue to be measured with good reproduci-
bility. However, it required tissue samples of
about 1 milligram. With a structurally highly
complex tissue like the skin, pure samples,
even in the small volume required, can be
obtained only by numerous tedious dissections
and by pooling several tissue fragments.
For the biochemical study of the skin with
ultramieroanalytic technies it became evident
that a method for DNA determination was
needed which would be sensitive enough to
be applied to samples of only a few micrograms
of tissue.
Kissane and Robins (2), exploiting the excel-
lent possibilities offered by fluorometry in the
ultramieroanalytic range, described a procedure
to measure the DNA in fragments of brain
tissue weighing only a few micrograms, in a
unit as small as nanograms.f This procedure,
specific for deoxyribose contained in DNA, is
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based on the measurement of the fluorescent
product of the reaction between 3, 5-diamino-
benzoie acid dihydroehloride and deoxyribose
(liberated upon hydrolysis of DNA purinede-
oxynucleotides accomplished by the strongly
acid DABA). This fluorescent product is maxi-
mally excited by light at a wavelength of
420 mji and emits a fluorescent band with
maximal intensity at 520 mpt. In the studies
of specificity carried out by Kissane and
Robins (2) it was found that the fluorescence
produced by RNA is about 0.1 per cent of
that yielded by an equivalent amount of DNA.
No interference is offered by the hydrolysis
products of RNA or by glucose, glucosamine,
inositol and xanthine.
The present work is eoneemed with the
application of the method described by Kissane
and Robins (2) to the determination of DNA
in micro-amounts of epidermis, in homoge-
nates as well as in histologically defined
microsamples of 2—3 or more micrograms in
weight and large enough for easy separation
by dissection from frozen-dried, cryostat-
mierotome sections of skin.
EXPEnJMENTAL
Apparatus
The homogenates from a few milligrams of
tissue were prepared by glass microhomogenizers(1).
Preparation and handling of frozen-dried sec-
tions of tissue were carried out according to the
technic described by Lowry et al. (3) with a
modified apparatus to be described in a future
publication.
Free-hand dissection of frozen-dried sections
was carried out under a stereoscopic microscope
(Galileo, Florence, Italy) capable of 120 X, with
a scalpel (Blade No. 11) or ophthalmological
scalpel.
A centrifuge-vacuum desiccator (4) was used
to dry standards and precipitates.
Weighing of tissue fragments was performed by
a quartz helix balance (Microchemical Specialties
Co. Berkeley, California) for weighings of from
1 to 50 micrograms.
For the fluorometric readings a Turner Fluo-
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rometer Mod. 110 (Turner Associates, Palo Alto,
California) was used, equipped with a "blue"
lamp and microanalysis attachment including a
high sensitivity attachment and mierocuvette (6 x
50 mm) adapter. By these devices fluorescence
can he measured in 250 td solution. The optical
filters found to be most convenient were: Primary
(405 mm), No. 405 (filter composed of Corning 7-51
and Wratten 2C); Secondary (520 mp), No. 2 A
12 (composed of Wratten filters 2 A and 12).
Range selector at X 30.
The microtubes used for DNA extraction were
mm 45 x 3 (i.d.), with stoppers consisting of a
short piece of glass rod, 5 mm diameter, and
having a rubber connecting sleeve.
The mixing of solutions in microtubca was
performed with a "buzzer" of the type described by
Bessey ct at. (5).
The centrifugations were carried out by a
microcentrifuge cooled by circulating water, capa-
ble of up to 20,000 rev/mi (Microchemical
Specialties Co.).
For the exact measurement of the small vol-
umes of reagents, Lang-Levy type constriction
pipettes or Spinco-Beckmann plastic micropipettes
were used.
Reagents
All aqueous reagents were dissolved in de-
mineralized water which was found satisfactory.
1. Deoxyribonucleic acid. Highly polymerized
DNA (Calbiochem, Los Angeles, USA) was ob-
tained from salmon sperm (phosphorus content
8.35 per cent). The stock solution (2 mg/ml) was
prepared by dissolving 10.0 mg DNA in 5 ml 0.4
N NHOH, and storing at 4° C.
2. DNA standard solutions. From the stock
solutions, working standards containing 25, 50,
75, 125, and 150 mg DNA per 5 td were prepared
by dilution with 0.4 N NH4OH.
3.0.3 trichloroacetic acid (TCA).
4. 0.1 N alcoholic potassium acetate.
5. 0.4 N ammonium hydroxide.
6. 0.6 N perchloric acid.
7. DABA reagent'. 3, 5-diaminobenzoic acid
dihydrocbloride (m.w. 225.08) was obtained from
Eastman Kodak Co. For a 1.5 M solution, 169
mg were dissolved in 0.5 ml of water and kept
protected from exposure to light. The reagent, if
stored overnight at —10° C. ia an opaque con-
tainer, can be used for 2 or 3 days, though there
is a slight increase in blank readings.
Preparation of Human Skin Samples
Specimens of skin of 5 x 5 mm average dimen-
sions were obtained from the deltoid region of
volunteers (adult men), by the Eleetrokeratotome
of Castroviejo (6). The skin specimens could be
obtained in thicknesses varying from 0.1 to 0.4
mm. In order to regulate the width of the skin
strips removed, the blade was dulled by sanding
or filing except for a central portion 5 mm wide.
The microseetions of skin, obtained by means
of a eryostat-mierotome according to the technic
described by Lowry (3), were cut into 20 micron
thick sections; the blade was inclined at 40 to
50 degrees to the epidermal surface in such a way
as to obtain sections consisting predominantly of
epidermis. After being frozen-dried, the sections
were dissected under a stereoscopic microscope to
obtain fragments of pure epidermis or dermis.
By skillful dissection it was possible to thoroughly
separate groups of specimens made up only of
epidermal cells.
Several pooled fragments of tissue were weighed
on a microbalanee, and samples of 6 to 12 yg were
analyzed.
For the determinations of homogenates, small
specimens of tissue were dissected by the micro-
dermotome adjusted at a cutting thickness (0.1
mm) so as to obtain a sheet of pure epidermis.
Histological control was used to determine what
fraction, if any, of dermis might be present.
Soon after excision, the tissue was stretched on
parafilm in a Petri dish in which the atmosphere
was kept moist by a disc of paper soaked in water.
The tissue was then cut into pieces weighing about
5 mg and each was homogenized with about 100
pl of water (5 per cent homogenate). All the
operations were carried out in an ice-bath. One or
two mieroliters of homogenate (equivalent to 50
to 100 yg of wet tissue) were used for each analy-
sis.
Analytical Procedure
1. Fragments of frozen-dried tissue (6 to 12 g
dry tissue) or 1 pl of homogenate were placed in
each mierotuhe.
2. The tubes were partially immersed in ice
water; and operations 3, 4 and 5 carried out in
the cold.
3. 10 td of cold 0.3 N TCA were added, followed
by mixing.
4. After centrifuging for a couple of minutes at
about 10,000 rev/mm, the supernatant was pi-
petted off.
5. 20 of 0.1 N alcoholic potassium acetate
were added to the precipitate with a gentle mixing.
The tubes were let stand for 5 to 10 minutes.
6. After eentrifugation, the supernatant was re-
moved.
7. At room temperature 20 td absolute ethanol
were added; the tubes were capped with parafilm
or stoppers and were kept at 60° C for 15 minutes.
8. After eentrifugatioa the supernatant was dis-
carded and the precipitate dried in a centrifuge-
vacuum desiccator.
Preparation of Controls
1. 5 0 of DNA standard solution were pipetted
into the control tuhes and 5 0 of 0.4 N NH4OH
into the blanks.
2. Standards and blanks were then evaporated
to dryness.
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Fluorometric Determination
1. 5 jzl of DABA reagent were added to all
tubes with vigorous mixing by "buzzer".
2. The tubes, capped, were kept at 600 C for
30 mm in a water bath.
3. 100 /L1 of 0.6 N perchioric acid were added
with mixing.
4. 150 ,d of 0.6 N PCA were pipetted into the
fluorometric microcuvettes and to this mixture
100 1d of the solution to be analyzed were added.
5. The fluorescence, which is stable for at least
3 hours, was measured.
Notes on the Analytical Procedure
This procedure differs from the one described
by Kissane and Robios in the reagent adopted
and the size of the volumes extracted. Further-
more, the latter were varied according to a differ-
ent scale.
The precipitation with TCA removes possible
acid-soluble a-methylene aldehyde contaminants,
which yield fluorescent products when allowed to
react with DABA. In the present procedure this
step appeared necessary since it was found in
some expcrinteats with epidermis that the fluo-
rescence produced with DABA by the supernatant
of the TCA extraction was about 35 per cent of
that yielded by the precipitate which remained
after all the extractions. The addition of TCA
(10 l 0.3 N TCA) to the "blanks" and "standards"
as done in the original procedure was deemed un-
necessary on the basis of several comparative
experiments, since it does not affect the final
fluorescent product.
The lipid solvents also remove materials which,
by reacting with DABA, would interfere with the
determination (2). With pure epidermis the
alcoholic potassium acetate extract contained
about 21% and the hot alcoholic extract about
3% of the fluorescence yielded by the final lipid-
free precipitate. A second ethanol extraction at
room temperature, as performed by Kissane and
Robins on brain tissue, appeared to be unneces-
sary for skin, as the supcrnatant fluid from such
extraction gave less than 1 per cent fluorescence.
Variation of Fluorescence in Relation to
DABA Concentration
In the preliminary experiments for the prepa-
ration of the DABA reagent, 3 ,5-diaminobenzoic
acid (not dihydrochloridc) was used. As indicated
in the original procedure (2), an approximately
2 M solution was prepared by dissolving 300 mg
of 3,5-diaminobenzoic acid in 1 ml of 4 N HC1,
and the dark brown solution was decolorized by
5 to 7 successive extractions with Norit A.
With this method of preparation of the reagent
two difficulties were encountered under our ex-
perimental conditions: 1) Even when the number
of extractions was kept constant (5 extractions
with 15 mg of activated charcoal), erratic analyti-
cal results were obtained; 2) with the 2 M con-
ccntration there was a rapid formatioa of crystals
in the solution at room temperature.
The difficulty under point 1) could be over-
come by the usc of the dihydrochloride of 3,5-
diaminobenzoic acid, now obtainable from East-
man Kodak. This substance, dissolved in water,
has a very faint, pale yellow color, and does not
need further purification with Norit, thus affording
a considerable saving of time in preparation. To
overcome the difficulty mentioned in point 2), a
1.5 M solution was used, with higher relative
volumes of the reagent added to each sample.
Furthermore, this resulted in easier handling of
the volumes used. To find out how variations in
DABA concentration affect the development of
fluorescence and to determine the optimal condi-
tions of sensitivity and reproducibility for the
determination, standard curves were plotted ac-
cording to varying concentrations of 3, 5-diamino-
benzoic acid dihydrochloride. These experiments
indicated that upon increasing the DABA con-
centration, there is a corresponding increase in
fluorescence up to a certain value. The values
with 1.0 M and 1.5 M of concentration are illus-
trated in the accompanying figure. The values with
1.5 M are 70 per cent higher than those with
1.0 M. A concentration of 2 M yielded values 20
per cent higher than did a 1.5 M concentration.
However this also encountered the above-men-
tioned difficulties, so that for routine determina-
tions the 1.5 M concentration was decided upon
which moreover yielded a higher reproducibility
of results.
Accuracy and Reproducibility
Fluorescence was plotted against increasing
amounts of DNA, all reagents being freshly pre-
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pared. Five standard curves were plotted, which
had a variation of about the mean. There-
fore it was thought necessary to usc routine stand-
ard determination for each group of tissue de-
terminations.
The reproducibility of the tissue determinations
is indicated in Table I by the fluorometric read-
ings corresponding to values of DNA obtained
in the analysis of a piece of epidermis from which
sections had been cut and simultaneously analyzed.
DNA determinations were carried out on tissues
other than skin in order to compare the results
yielded by this procedure with those given by
macromethods. As shown in Table II, the values
obtained with spleen and liver are very close to
those obtained by the method of Shmidt and
Tannhauser (8).
Comparison with the Colorimetric
Method with Indole
The values of DNA determined in epidermis
by the present procedure, expressed as DNA-P,
agree with those yielded by the colorimetric
method with indole (1) on 100 times the amount
of tissue. With the earlier method, the mean of
DNA-P per mg wet tissue was found to be 300
ng, which, assuming a 3:1 ratio of wet weight to
dry weight, is equivalent to about 0.90 ng DNA-P
per pg dry tissue. The value found by the text
method is 0.87 ng DNA-P per pg dry tissue.
RESULTS
DNA content was determined in human
skin in both epidermis and dermis. The re-
sults, expressed as DNA-P, are illustrated in
Table III. It is to be noted that the DNA
concentration in the epidermis is 4.5 times
higher than in the dermis. This is easily ex-
plained by the higher cellular density of the
cutaneous parenehyma.
TABLE I
Values of DNA in a group of determinations
on a single sample of skin
Human
Epidermis*
(5g)
Fluorometric
Reading DNA (ng)
DNA
(ag/mg dry
tissue)
8.3
8.0
8.3
6.6
31
31
30
28
80
80
78
72
9.6
10.0
9.4
10.9
Mean 10.0 0.7
* The epidermal fragments for the 4 analyses
were separated from sections obtained as de-
scribed in the text and were all of nearly the same
weight.
TABLE II
Comparison of the preseet analytical method with
some other methods
Pieces of about 500 mg of liver and spleen ob-
tained from a male rat weighing about 200 g and
killed by decapitation were nsed to make the
homogenate. For each analysis 10 pl of homogenate
(corresponding to about 50 pg wet tissue) were
added to 10 pl of 0.6 N TCA. The subsequent steps
of the analysis were carried out as described in
the text.
The results are expressed as ig DNA-P per mg
wet tissue.
Spleen Liver
Method of Schnider and Klug
(8)
Microanalyticaleolorimetric
method (1)
Method of Schmidt and
Tannhauser (8)
Text method
1.15—1.35
1.40
0.76—0.85
0.97*
0.21—0.31
0.30
0.21—0.25
0.19*
* Mean of 5 determinations.
TABLE III
DNA content of human skin
(ng DNA-P/pg dry tissue*)
* The number of samples analyzed is indicated
in parens. They had been excised from the deltoid
region of adult men. The samples were obtained
through microdissection of cryostat?mierotome
sections and analyzed as described in the text.
DISCUSSION
The fluorometric method of Kissane and
Robins for the determination in tissue of DNA
content is so sensitive that even a few micro-
grams of tissue can be analyzed.
With a view toward making the method still
more practical and applying it to the bio-
chemical study of the skin as well as for
determining the tissue DNA content as a refer-
ence value for expression of skin tissue chemi-
cal composition, certain modifications are
proposed in this paper, namely, the use of more
easily managed reagent volumes and the ap-
plication of a fluorometric apparatus which is
readily available commercially. (In contrast,
Epidermis Horny Layer Malpighian Dermia
(15) (5) Layer (5) (5)
0.87 ±0.10 0 1.07 ±0.13 0.19 ±0.10
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the method as proposed by Kissane and
Robins (2) nsed a modified fluorometer (7).)
The main reagent (3, 5-diaminobenzoic acid)
has also been experimented with so that com-
mercially available material can be directly
used. The optimal conditions for the develop-
ment of the fluorescence reaction also have
been determined. The whole procedure for the
preparation of tissue samples and their analy-
sis has been gone over step by step with a
view toward its application to skin analysis.
The method was found to be applicable not
only to microsections and morphologically de-
fined skin fragments, but also to small amounts
of tissue homogenates. Since it allows fragments
weighing 2—3 g (dry weight) or more to be
analyzed, it can be used in the study of small
cutaneous lesions easily removed by biopsy
section. Furthermore, in the study of normal
and pathological growth in the skin, it may
permit determination of nuclear densities per
unit of volume of cellular populations (if the
value of dry weight per unit of volume and the
mean content of DNA per nucleus are known),
and for comparative determinations of nuclear
densities per unit of weight both in normal and
in pathological conditions.
The method can be conveniently used for
determinations on tissue cultures.
In a previous paper (1) the use of DNA
determinations was discussed as a reference
basis for the expression of the chemical com-
position of epidermis in normal and pathologi-
cal states, pointing out that it is only of value
when it can be assumed that the enzymatic
activity, or the chemical constituent under
study which is to be related to DNA, is present
only in normally nucleated cells.
It is clear that the highly sensitive method
herein reported overcomes this difficulty, in
that it permits fragments of tissue with de-
fined morphological structure to be analyzed.
5UMMAaY
The deoxyribonucleic acid content of human
epidermis and dermis has been determined by
an ultramicromethod of fluorometric analysis.
The procedure, described in detail, is a modi-
fication of the method described by Kissane
and Robins for nerve tissue. It has been studied
for application to morphologically defined
fragments of human skin, namely epidermis,
malpighian layer, horny layer, dermis, or
homogenates of tissue.
Since the method allows determinations of
DNA on small (few micrograms) samples of
tissue, it may be conveniently used in the study
of biochemical variations in both normal and
pathological conditions.
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